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Objectives—To measure occupational exposures to environmental tobacco 
smoke in diverse settings, including offices and production areas, and to evaluate 
the effectiveness of policies that restrict or ban smoking in the workplace. 

Design.—Sutvey. The average weekly concentration of environmental tobacco 
smoke was measured with passive monitors that sample nicotine. Approximately 
25 samplers were placed in each worksite for 1 week. 

Setting—Twenty-five Massachusetts worksites, including fire stations, news¬ 
paper publishers, textile dyeing plants, and manufacturers of valves, fiberoptics, 
flight instruments, batteries, adhesives, semiconductor equipment, filters, and tools 
and dies. Samples were collected in offices and production areas. 

Main Outcome Measures.—The distribution of nicotine concentrations in vari¬ 
ous work settings as a function of company smoking policy. These data were in¬ 
terpreted with three approaches: comparing measured concentrations with a pub- 
iished risk assessment comparing occupational exposures with home exposures; 
and evaluating the “cigarette equivalents” to which workers were exposed. 

Results.—Worksite smoking policy had a major effect on the nicotine concen¬ 
trations, which fell from a median of 8.6 pgfm 3 in the open offices at worksites that 
allowed smoking to 1.3 p.g/m 3 in sites that restricted smoking, and to 0.3 p,g/m 3 in 
worksites that banned smoking. The nonoffice workspaces were affected similarly, 
with median concentrations of 2.3,0.7, and 0.2 p,g/m 3 at worksites that allowed, re¬ 
stricted, and banned smoking, respectively. 

Conclusion.—AH three evaluation methods indicated that occupational expo¬ 
sure to environmental tobacco smoke presents a substantial risk to workers in the 
absence of a policy restricting or banning smoking. 

(JAMA. 1995;274:956-960) 


SEVERAL REVIEWS of the literature 
during the past decade have documented 
the adverse health effects of exposure to 
environmental tobacco smoke (ETS). 14 
Various studies have estimated that, each 
year in the United States, ETS causes 
the deaths of approximately 3000 non- 
smokers from lung cancer 1 and may cause 
another 80000 to 50000 heart disease 
fatalities. r, '' , Furthermore, ETS causes 
respiratory diseases in young children 5 
and may contribute to increased risk in 
adults as well. Because ETS is so ubiq¬ 
uitous and has so many serious adverse 
health effects, it is considered the single 
most important indoor air contaminant. 
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People are exposed to ETS in then- 
homes, at work, and in public places. 
Most epidemiological studies of adverse 
health effects have focused on home ex¬ 
posures under the assumption that a 
smoking spouse or parent exposes other 
household members and more time is 
spent in the home than at any other 
location. Regulatory efforts to limit ex- 
p osure have focused on exposures in pub¬ 
lic places, such as governmental build¬ 
ings, restaurants, and commercial air¬ 
craft. Occupational exposures have been 
the least studied. 

One major question is whether the ex- 
posuresin the workplace are comparable 
in concentration with those in the home, 
where epidemiological evidence has dem¬ 
onstrated the adverse effects of ETS. 
The workplace is second only to the home 
as a location in which adults spend time. 

Approximately 110 million Americans 
work outside the home and may be ex¬ 
posed to ETS at work. This exposure is 
involuntary. For an individual who lives 
with nonsmokers, the workplace is often 
the major source of ETS exposure, 8 which 
may continue for 40 to 45 hours per week 
during a 45-year- working lifetime. The 
Occupational Safety and Health Act states 


the employer has a general duty “to fur¬ 
nish to each of his employees ... a place 
of employment which is free from recog¬ 
nized hazards that are causing or are likely 
to cause death or serious physical harm 
to his employees” (section 5[a]tl]). a Work¬ 
places that allow smoking may not be 
meeting this duty. 

In 1992, 59% of worksites that em¬ 
ployed more than 50 workers had a for¬ 
mal policy that either banned smoking 
or restricted smoking to ventilated ar¬ 
eas, 10 a substantial increase from 1985, 
when only 27% of worksites reported 
such policies. The increasing adoption of 
worksite nonsmoking policies is a re¬ 
flection of legislative changes as well as 
increasing concern about liability and 
the health effects of ETS. According to 
the 1989 surgeon general’s report,’ 1 31 
states required smoking restrictions in 
public worksites and 13 required them 
in private worksites as well. 

Nonsmoking policies can influence the 
air quality in companies. After New En¬ 
gland Telephone implemented a smoking 
policy, self-reported exposure to smoke 
in areas where smoking was prohibited 
decreased; however, workers reported 
that air quality either worsened or stayed 
the same in places where smoking was 
allowed. 12 After a policy that restricted 
smoking to a few designated areas was 
implemented in a Canadian worksit e, em¬ 
ployees’ reports of being bothered by 
smoke decreased except in areas where 
smoking was permitted, such as in caf¬ 
eterias. 13 A study of 710 worksites with 
nonsmoking policies from 11 communi¬ 
ties across North America found that com¬ 
pliance was highest in worksites with 
more restrictive policies. 1,1 

This investigation was undertaken to 
study the levels of ETS to which non- 
smokers are exposed while on the job. 
Although most studies of occupational ex¬ 
posure to ETS have examined the office 
environment, this study includes a vari¬ 
ety of nonoffice workers, eg, production 
workers and firefighters, at 25 diverse 
worksites. These measurements were 
made as part of the WellWorks project, 15 
a worksite cancer prevention study, and 
employees were potentially exposed to 
other carcinogens or suspected carcino¬ 
gens. A second aim of this investigation 
was to examine the efficacy of workplace 
smoking polices in reducing occupational 
exposure to ETS. 
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METHODS 

Worksites participating in this study 
were part of the WellWorks project, one 
of four intervention research centers par¬ 
ticipating in the Working Well Coopera¬ 
tive Agreement, a randomized worksite 
intervention trial funded by the National 
Cancer Institute (participating centers 
are listed in the acknowledgment at the 
end of this article). Worksites from cen¬ 
tral and eastern Massachusetts were re¬ 
cruited to the WellWorks study 16 if they 
met the following eligibility criteria: em¬ 
ployed 200 to 2500 employees; had less 
than20% turnover peryear; had less than 
20% of full-time employees who did not 
read or write English; and used a known 
or suspected occupational carcinogen. All 
24 participating worksites agreed to be 
randomly assigned to either an interven¬ 
tion (health promotion and prevention) 
or a comparison condition; to permit sur¬ 
veys of employees and company repre¬ 
sentatives; and to allow measurements of 
ETS levels. At the worksite’s request, a 
25th worksite, a local union office where 
15 people worked, was surveyed concur¬ 
rently by the same sampling protocols, 
and the results are included in this re¬ 
port. These surveys were conducted from 
1991 to 1992, The 25 worksites that par¬ 
ticipated in the ETS survey had a broad 
range of business functions: newspaper 
publishing, firefighting, clothing imprint¬ 
ing, textile dyeing, union organizing; and 
manufacturing of flight instruments, aero¬ 
space technology, knives and tools, tools 
and dies, batteries, synthetic rubber prod¬ 
ucts, semiconductor equipment, valves, 
metal parts, fiberoptics, adhesives, pro¬ 
cess controllers, blood processing equip¬ 
ment, and filters. . 

The average weekly concentration of 
ETS was determined by a passive moni¬ 
tor that samples nicotine; a filter treated 
with sodium bisulfate is held in a modi¬ 
fied 4-cm-dfameter polystyrene cassette, 
a membrane filter serves as a windscreen, 
and nicotine passively diffuses to the 
treated filter, where it is trapped. Tile 
effective samplingrate is 24 mL/min. The 
collected nicotine is analyzed by gas chro¬ 
matography with nitrogen selective de¬ 
tection; details are presented else¬ 
where. 56,17 The limit of detection was Q.01 
pg per sample, or 0.1 pg/m 8 for 45 hours. 

Approximately 15 to 25 samplers were 
placed in each worksite and left in place 
for 1 week. The monitors were placed at 
work areas in the offices and the nonof- 
flce (shop) areas to determine an overall 
measure of ETS exposure for each work¬ 
site. In large worksites with multiple 
buildings, samplers were placed in one 
building that had representative work ar¬ 
eas (office and shop). In offices and shop 
locations where employees worked in 
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fixed locations, the smoking status of the 
occupant was assigned to the sample. 
Since most shop employees did not work 
in fixed locations, samples were placed 
around the shop floor approximately 1.5 
to 2 m high; unless a smoker routinely 
worked within l m of the sampler, tire 
sampler was assumed to reflect the ex¬ 
posure of nonsmokers. A description and 
the name of a company contact person 
were posted with each sampler. 

Each monitor sampled air continuously 
for 1 week, so that daily variations were 
not evaluated but rather the average nico¬ 
tine concentrations during the week for 
each sampler. Smoking was assumed to 
be taking place for 9 hours a day on each 
workday (8 hours of work plus 80 min¬ 
utes to 1 hour of lunch or break time), 
except at the fire stations, where occu¬ 
pancy was presumed to continue for two 
thirds of the day, or 16 hours per day, 7 
days a week. The concentrations of nico¬ 
tine reports d herein tor each monitor were 
calculated to reflect the average expo¬ 
sure during those periods. 

Information on company smoking poli¬ 
cies was collected at baseline by the Or¬ 
ganizational Information Questionnaire 
administered to the personnel directors 
at all worksites. Companies were classi¬ 
fied into one of three categories based on 
their smoking policy: (1) smoking allowed 
throughout the worksite, except restric¬ 
tions for safety reasons (11 worksites); 
(2) smoking restricted to designated ar¬ 
eas only (eight worksites); and (8) smok¬ 
ing banned throughout the worksite (six 
worksites). 

Work areas were classified as “closed 
office” (relatively small rooms with one 
or two occupants); “open office" (larger 
rooms, with orwithoutpartitions,in which 
many people worked); or “nonoffice” or 
“shop" (other work areas, including pro¬ 
duction, shipping, laboratories, and fire 
stations). Additional areas sampled in¬ 
cluded con-idol’s, cafeterias, and other 
break areas. Unless one of the latter two 
areas had designated smoking and non¬ 
smoking sections, alt samples were as¬ 
sumed to represent possible exposure to 
nonsmokers. 

RESULTS 

These analyses focus on the 467 samples 
collected in the work (859 samples) and 
break (108 samples) areas of nonsmok- 
ers. The samples collected from the work 
areas ofnonsmokers at 25 Massachusetts 
worksites were categorized into dosed 
offices (13 samples), open offices (125 
samples), and nonoffice, or shop, areas 
(221 samples). 

Office Exposure 

Samples were collected fromthe closed 
offices of 11 nonsmokers at worksites 


where smoking was allowed. The median 
nicotine concentration was 9.1 pg/m 3 
(range, <0.1 to 22 pg/m 3 ; mean, 8.3 pg/ 
nr'). Only one sample each was collected 
in dosed offices of worksites that restricted 
or banned smoking, and the levels were 
0.6 and less than 0.1 pg/m 3 , respectively. 

The weekly nicotine concentration mea¬ 
sured at nonsmokers’ desks in open of¬ 
fices (125 samples) varied by three or¬ 
ders of magnitude, from less than 0.1 
pg’/m :l to more than 40 pg/m 3 (five 
samples). The distributions of these val¬ 
ues varied dramatically with smoking 
policy at the worksite (Figure 1). For 
example, the median value dropped from 
8.6 pg/m s in companies that allowed smok¬ 
ing to 1.3 pg/m 3 in those that restricted 
smoldng and 0.3 pg/m" in those that 
banned smoldng (averages were 14,3.4, 
and 0.7 pg/m 3 , respectively). The 90th 
percentile value in open offices at com¬ 
panies that allowed smoldng was 34 pg/ 
m 3 , averaged over the workweek, but was 
reduced to 9 pg/m 3 in companies that re¬ 
stricted smoking and 1.7 pg/m 3 in com¬ 
panies that banned smoking. Conversely, 
24 (83%) of 29 samples collected at non¬ 
smoking office workers’ desks in compa¬ 
nies that banned smoking were less tlxan 
1 pg - /m ;l , while only 16 (46%) of 35 samples 
from companies with restrictive policies 
and only eight (13%) of 61 samples from 
companies that allowed smoldng had such 
low exposures. Ofthe 29 samples collected 
at office workers' desks in companies with 
smoking bans, 12 (41%) showed nicotine 
concentrations less than 0.1 pg/m 3 . 

Nonoffice (Shop) Exposure 

The weekly nicotine concentrations 
measured in nonsmokers’ work areas in 
the production areas and fire stations (221 
samples) ranged kora less than 0.1 pg/m a 
to more than 20 pg/m 3 (four samples). 
The distributions of these concentrations 
was also highly dependent on the work¬ 
site smoking policies (Figure 2). The me¬ 
dian values were 2.3, 0.7, and 0.2 pg/m 5 
for worksites that allowed smoldng, re¬ 
stricted smoking, and banned smoking, 
respectively, and the corresponding 
means were 4.4, 2.2 and 0.2 pg/ra 3 . The 
90th percentile levels in these companies 
were 75,4.0, and 0,6 pg/m 3 , respectively. 
Nearly all (51 [96%]) of the 53 samples 
collected at companies thatbanned smok¬ 
ing had nicotine levels less than 1 pg/m 3 , 
while only 25 (22%) of the 114 samples 
fromworksites that allowed smoldngwere 
this low (two thirds of these low samples 
were from areas where smoldng was pro¬ 
hibited for safety reasons); 34 (63%) of 
the 54 samples from companies that re¬ 
stricted smoking were less than 1 pg/m 3 , 
and more than a quarter of the samples 
had nicotine concentrations that were less 
than detectable (<0.1 pg/m 3 ), as did 23 
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(43%) of the 53 samples from companies 
that banned smoking. 

Break and Cafeteria Areas 

Samples were collected in the cafete¬ 
ria (57 samples) and break areas (51 
samples), which are typically occupied 
for only a part of each work day. How¬ 
ever, concentrations were calculated as 
an average over the full workweek; 
therefore, these concentrations are an 
underestimate of the actual Concentra¬ 
tions during meal and break times, when 
these areas are normally occupied. 

At companies that banned smoking, all 
nine of the samples collected in the caf¬ 
eteria had nicotine levels less than 1 pg/m 8 . 

By contrast, this level was exceeded by 
all 15 of the samples at companies that 
allowed smoking and by 19 (86%) of 22 
samples from those companies that re¬ 
stricted smoking, two thirds of these 
samples averaged more than 5 pg/m 3 . 

Half of the 20 samples in the break 
areas from worksites that restricted smok¬ 
ing had nicotine concentrations greater 
than 5 pg/m 3 , while only four (20%) of the 
20 samples from companies that allowed 
smoking were as high. The proximity of 
break areas to designated smoking areas 
may explain this result. More than 17 (85%) 
of the 20 break area samples from com¬ 
panies that allowed smoking had concen¬ 
trations greater than 1 pg/m 3 . 

COMMENT 

This is the first large study known to 
ns thatreports the results of occupational 
exposure to ETS in multiple worksites 
and includes both office and manufactur¬ 
ing areas. These results indicate a strong 
correspondence between nonsmokers’ 
ETS exposures and workplace smoking 
policies, 
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Although ETS samples were collected 
at smokers’ and nonsmokers’ worksta¬ 
tions, this article focuses on those that 
represent nonsmokers’ occupational ex¬ 
posures to ETS. The ETS exposures 
found in this study are similar to those 
reported in other studies that used 
active sampling for nicotine during a 
workshift to measure occupational ex¬ 
posure. 1821 Muramatsu et al !S measured 
nicotine concentrations in offices that av¬ 
eraged 20 pg/m 5 , in a laboratory that 
averaged about 8 pg/m 3 , and on airplanes 
that averaged 15 pg/m 3 . A median of 4 
pg/m 8 was reported for 16 personal mea¬ 
surements of flight attendants in 1988. 19 
Coultas et al 20 measured the nicotine ex¬ 
posures of 15 non smokers during their 
workshifts in 1986 to 1987 and found me¬ 
dian concentrations of 10 pg/m 3 for five 
hospital workers, 7.2 pg/m 8 for five office 
workers, 9 pg/m 8 for two barbers, 7 pg/m 8 
for a maintenance worker, and 45 pg/m 3 
for a restaurant worker. Large varia¬ 
tions were found in ETS exposures 
among nonsmoking railroad workers: 33 
samples of office workers had a median 
nicotine concentration of 7 pg/m 8 , close 
to the median of 8 pg/m 8 found in the 
present study at workplaces that allowed 
smoking, and the 25th and 75th percen¬ 
tiles of the railroad office workers’ ex¬ 
posures were 2 and 12 pg/m 3 , respec¬ 
tively; 136 personal samples taken from 
those who worked outdoors or in a large 
repair shop indicated much lower ETS 
exposures, with the 75th percentile be¬ 
ing a nicotine concentration of 0.5 pg/m 3 , 21 

interpreting Exposures to ETS 

Three approaches are used to place rn 
perspective the occupational ETS expo¬ 
sures reported herein: (1) comparing the 
levels of occupational ETS exposures with 



Figure 2.—Cumulative frequency distributions of 
weekly average nicotine concentrations In non- 
smokers’ work areas in shops and other non office 
settings. Not© that 10% of the samples had nicotine 
levels of more than 7*2* 4.0* and 0,6 jtg/m 3 at work¬ 
sites that allowed, restricted, and banned smoking, 
respectively. 

a risk assessment reported in the litera- 
ture; (2) comparing occupational ETS ex¬ 
posures with those inhomes; and (3) evalu¬ 
ating the number of “cigarette equiva¬ 
lents” to which workers may be exposed. 

Occupational Exposures Based on 
Risk Assessment.—Repace and Low- 
rey 22 evaluated the risk of ETS exposure 
in the workplace and estimated that 
workplace nicotine exposure of 2.3 pg/m 3 
for 40 years presents a lung cancer risk 
of three in 10000, a “de manifestis” risk, 
ie, “a risk of obvious or evident concern,” 
or risks so high that the US regulatory 
agencies have almost always acted to re¬ 
duce them. 23 The Occupational Safety and 
Health Administration often considers 
action based on a “significant risk level” 
of one in 1000 and assumes 45 years of 
working life; the significant risk would 
thus occur at exposures to nicotine at or 
above 6.8 pg/m 3 . Figures 1 and 2 dem¬ 
onstrate that a substantial proportion of 
tile nonsmoking workers at companies 
that allowed smoking were exposed above 
both levels. Of the 114 shop workstations 
sampled, 12% were above 6.8 pg/m 3 , and 
half were above 2.3 pg/m 3 , the de mani¬ 
festis risk level. Offices at worksites that 
allowed smoking exposed an even higher 
percentage of workers to high levels of 
ETS: two thirds of the 61 samples were 
above the de manifestis level, and more 
than half of the samples from the offices 
surveyed were well above the significant 
risk level (Figures 1 and 2). 

Clearly, banning smoking drastically 
reduced ETS exposures: none of the 82 
work areas measured at the six work¬ 
sites in which smoking wa3 banned ex¬ 
ceeded the significant risk level, and only 
two samples were above the de manifes¬ 
tis level. Those eight sites that restricted 
smoking had intermediate results, with 
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Cumulative % 


Figure 1.—Left, Cumulative Irequency distributions of weekly average nicotlriB concentrations at tee Casks 
of nonsmoking v/orkers in open offices measured at 25 worksites. Median (50te percentile) nicotine 
concentrations were 8.6,1.3, and 0.3 ugdri 3 at worksites that allowed, restricted, or banned smoking, re¬ 
spectively. Right. Nicotine concentrations at tee desks of nonsmoking office workers, with detail provided 
at concentrations less than 15 pg/m J . 
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10(11%) of the 89 work areas beingaboVe 
the significant risk level and 25 (28%) 
being above the de manifestis level. Note 
that thisrisk assessment, is based only on 
lung cancer. Although ETS-associated 
heart disease affects far more people than 
lung cancer does, quantitative risk as¬ 
sessment has not yet been performed. 

Comparison of Occupational Expo¬ 
sure With Home Exposures,—Expo¬ 
sures to ETS are highly variable. In tire 
home, workplace, or any other environ¬ 
ment, the concentrations of nicotine may 
range from less than detectable to sev¬ 
eral orders of magnitude higher. With 
such variable data, averages can be mis¬ 
leading, and a more complete presenta¬ 
tion of the data is needed. The box plots 
of several studies in Figure 8 show the 
25th, 50th (median), and 75th percentiles 
of ETS exposure (enclosed in the box) as 
well as the maximum and minimum ex¬ 
posure levels (the range is indicated by 
the lines). 

Figure 3 compare s the occupational ex¬ 
posures to ETS measured at worksites 
where smoking was allowed with per¬ 
sonal and home exposures. The first two 
box plots compare the personal exposures 
of nonsmokers married to smokers with 
those of nonsmokers not married to smok¬ 
ers, 24 ' 25 the two groups whose risks for 
lung cancer and heart disease have been 
compared in most epidemiological stud¬ 
ies of ETS. Although those married to 
smokers had higher exposures, there is 
clearly an overlap in distributions of ex¬ 
posures with those married to nonsmok¬ 
ers. The next two box plots show the 
levels of ETS in smokers’ hoines as mea¬ 
sured by personal sampling on 22 chil¬ 
dren and area sampling in their homes. 26 
The last two box plots present the results 
of the present investigation of the occu¬ 
pational exposures to ETS at companies 
that allowed smoking. As Figure 3 illus¬ 
trates, the ETS exposures in workplaces 
that allow smoking is comparable with, 
and often greater than, the ETS expo¬ 
sures in smokers’ homes as well as the 
personal exposures of nonsmokers mar¬ 
ried to smokers, who have been shown to 
be at increased risk for lung cancer and 
heart disease compared with nonsmok¬ 
ers married to nonsmoke^s. ,,t '' 6 ’ 2, 

Cigarette Equivalents,—Researchers 
and advertisers have often tried to in¬ 
terpret measurements of nicotine expo¬ 
sure by converting these to “cigarette 
equivalents” 16 ' 28 (RJ Reynolds advertise¬ 
ment, Nei-v York Times. May 23, 1994: 
All). Such a calculation yields the num¬ 
ber of cigaretteaone would have to smoke 
to receive the same amount of nicotine as 
breathing the air in the given environ¬ 
ment for a particular period. However, 
'the ratio of sidestream to mainstream 

emissions is highly variable among these 
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Figure3.—Weekly average nicotine exposures in the home and at work by personal sampling (first two bars), 
ir» smokers' homes, area and personal sampling (middle hvo bars), and at work (this study) (last two bars). 

Compound Specific Cigarette Equivalents for B-Hour Exposures to Environmomat Tobacco smetic* 
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Nicotine 
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2.32 
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^Tha number of “cigarette equivalents* that a passive smoker has fnhnb J may be calcutelcd sccordino to the 
following equations: cigarette ebulvalents-famount from passive exposuirf/imounl U\n\ sticking-one cuairetta); 
cigarette equivalent compound Y={lnlcotine]XVXY{SS)/nlcoUne(SSyxY(U’iS)>, wtr"- Y ind'eate* -- .f com¬ 

pound Y inhaled by passive smoker; fnfcoHne), concentration of nicotine; V, volume of «>r fc , cthod by jmpker 
(minute volumex ml notes exposed); Y(SS), mass cf compound Y in sidestream emte of one c /(MS), 
mass of compound Y Is mainstream emissions of one cigarette; and ntc6llna(SS), r nicuiiri . stream 
emissions cf one cigarette. Each exposure is assumed to last for 6 hours, and a v n't ion rale „• 20 u/mln is 
assumed. Longer exposures will lead to proportionately higher “cigarotta equivalents,” as Will highe r reaching rates 
resulting from physical exertion at work, 
fpe manifestis level. 22 See text for definition. 

tNinetlsth percentile of samples collected from nonsmokers’ nonoffice workstations at to Massachusetts work 
sites that allowed smoking, 

§Ninetleth percentile of samples collected In restaurants in six cities. 3 ’ 

ilNinatieth percentile of open office samples collected from 11 work sites that allowed smoking. 

TIHuman carcinogen. 


tfAnlmal carcinogen. 

compounds. Nicotine serves as a marker 
compound for ETS, 25 hut nicotine is not 
usually the compound of ultimate inter¬ 
est for cancer. Were “cigarette equiva¬ 
lents” calculated on the basis of the car¬ 
cinogens in ETS, rather than nicotine, 
the cigarette equivalents would be much 
higher. This seenringanomaly results from 
the differences between mainstream and 
sidestream smoke. 

Although the same toxic compounds are 
present in mainstream smoko (which the 
smoker inhales) as in sidestream smoke 
(which comes off the tip of a smoldering 
cigarette), they are emitted in different 
amounts because of the differing combus¬ 


tion conditions. Mainstream smoke is 
formed at a higher .tempor.tf.io'e, while 
much less oxygen is present when ride- 
stream smoke is formed. These fiunors 
lead to adifferent preponderance of chcmi-- 
calsinmainstream and sidestream smoke. 
For example, although twice us much nico¬ 
tine is emitted in sidestream as iii main¬ 
stream janoko, the-ratio for -benzene is 
approximately Id to one; sidestream 
smoke is even more enriched in many 
other ctH''-inogens; eg, morcth.Lm-36tur.es 
as much 4-n:iiini:ihijilionyl rmd TOO times 
asmnch.V-nitrosfidimethylainir.ei.' einit : 
tedinsidiwl ivam.-i.-in trarnrlniamsuiykc. 
Thus, tin- complex chemistry of tobacco 
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smoke leads to different numbers of "ciga¬ 
rette equivalents” depending on which 
compound is examined. 

Clearly, "cigarette equivalents” can be 
a misleading term. A recent BJ Reynolds 
advertisement (Afew York Times. May 
23,1994:A11) stated that nonsmokers are 
exposed to only slightly more than one 
"cigarette equivalent” a month at the 
workplace. More accurately,anonsmoker 
gets as much nicotine in a month at work 
as a smoker does in smoking one ciga¬ 
rette. However, in that same room, at the 
same time, the nonsmoker is getting as 
much benzene as a smoker gets in smok¬ 
ing six cigarettes, as much 4-aminobiphe- 
nyl as if smoking 17 cigarettes, and as 
much A'-nitrosodimethylamine as one who 
smoked 75 cigarettes. 

The Table presents some calculations 
of cigarette equivalents for several com¬ 
pounds of interest. Four hypothetical ex¬ 
posure situations are assumed: the de 
manifests risk level (2.3 gg/m 5 ) 22 and the 
90th percentile of nonoffice workspaces 
(7.2 |xg/nr), open office spaces (34 |xg/m 3 ), 
and restaurants (18 pg/m 5 ). 30 For each 
setting, the calculated cigarette equiva¬ 
lent exposure ranges more than 1000-fold, 
and a description of exposure in nicotine 
cigarette equivalents yields a fivefold to 
oO-ioM underestimate of the exposure to 
some of the known carcinogens. If the 
compound of interest is known, the ciga¬ 


rette equivalents for that compound can 
be calculated from the concentrations of 
nicotine measured and the relative side¬ 
stream and mainstream emissions of that 
compound. 25 If the compound of interest 
is not known, which is most commonly 
the ease, then any such calculations are 
lilcely to be misleading at best and should 
be used with extreme caution. 

Conclusions 

A wide range of ETS exposures exists 
within and among workplaces. Policies 
restricting or banning smoking were 
found to reduce occupational exposure to 
ETS dramatically. The concentration of 
nicotine depends not only on the smoking 
activity but also on the characteristics of 
the space in which the smoking occurs. 
The ETS does not build up as much in 
workspaces that are large, with high ceil¬ 
ings and good ventilation, as in more en¬ 
closed spaces. Despite this, ETS mea¬ 
surements in nonoffice or shop work¬ 
spaces where smoking was allowed were 
generally comparable with, and often 
mueh greater than, most measurements 
made in the homes of smokers; 12% of the 
114 samples collected at nonsmokers’shop 
workstations were above the significant 
risk level of 6.8 pg/m 3 . The ETS concen¬ 
trations were even higher in office spaces 
that allowed smoking, where more than 
half of the 61 samples collected at non¬ 


smokers’ desks were above the signifi¬ 
cant risk level. Society is often presented 
with difficult alternatives, such as choos- 
ingbetween exposing workers to carcino¬ 
gens and losing jobs if industry decides 
the cost of controlling exposures is too 
great. Choosing to control exposure to 
ETS, in this context, is relatively simple: 
ETS is not necessary to the manufactur¬ 
ing process or to the maintenance of jobs. 
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